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(54) MAGNETRON SPUTTERING DEVICE 

(57)Abstract: 

PURPOSE: To adjust sputtering over the entire surface 
of a target and the thickness of the film formed on a 
substrate by disposing plural permanent magnets 

rotating behind the target freely approachably and ^ 
recedably to and from the rear surface of the target on I3l P f 



the side facing the neighborhood of the central part of 
the rear surface. 

CONSTITUTION: The plural permanent magnets 8 are 




freely rotatably disposed behind the target 6 facing the 
substrate with eccentricity from the center of the target 6 
to form a magnetic field of a closed loop circulating the 
surface of the target 6. The permanent magnets 8 are 
supported by supporting members 13, 14 via a base 9. 
These supporting members 13, 14 are mounted at a 
rotary stage 12 rotated by a motor 15. The side of the permanent magnets 8 facing the 
neighborhood of the central part of the rear surface of the target 6 is made freely 
approachably and recedably to and from the rear surface when the supporting member 14 is 
lifted by a suitable means. The sputtering over the entire surface of the target 6 and the 
thickness of the film formed on the substrate are, therefore, adjusted by inclining the 
permanent magnets 8 and the need for changing the design of the permanent magnets 8 is 
eliminated. 
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* * NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetron sputtering system used in order to 
mainly form a thin film on a substrate by the production process of a semi-conductor or electronic 
equipment. 
[0002] 

[Description of the Prior Art] In the production process of a semi-conductor or electronic equipment, 
when forming a thin film on a substrate, many magnetron sputtering methods are used from the ease of 
handling, or the goodness of a controllability. As the outline of the equipment currently used for this is 
shown in drawing 1 , it makes the target c of Substrate b, and the round shape [ a round shape ] of the 
matter to make it form membranes and a rectangle counter in the vacuum tub a, and it is arranged. While 
introducing discharge gas, such as Ar, from discharge gas inlet i in this vacuum tub a, the inside of this 
vacuum tub a is exhausted from the evacuation opening j, and it maintains in the fixed reduced pressure 
condition, and a negative electrical potential difference is impressed to Target c side, and discharge is 
made to cause. The gas molecule (ion) generated by this discharge is accelerated on a negative electrical 
potential difference, incidence is carried out to Target c, the atom on the front face of a target is begun to 
beat, some atoms which elutriate to the four way type with the cosine rule accumulate on Substrate b, 
and it forms a thin film. In h, DC power supply and 1 show a substrate holder, and, as for a target 
electrode and k, m shows line of magnetic force. Magnet d is arranged behind this target c, the magnetic 
field which restrains an electron ahead of Target c now is formed, magnetron discharge is generated, and 
the membrane formation rate is raised. As a magnet d, although a permanent magnet or an electromagnet 
is used, the effectiveness of most discharge of the location (A point in drawing) where the vertical 
component to the target front face of the magnetic field on the front face of a target becomes 0 is high, 
and most spatters of the surrounding target of an A point are carried out. Usually, this part is called the 
erosion field. In this part, while an electron performs an ExB drift, ionization progresses gradually. If a 
magnetic field is not made so that it may become a closed loop, the density distribution difference of ion 
will produce it in an erosion field. If the magnetic field of an open loop is made, the result that discharge 
cannot take place easily due to a low pressure compared with the case of a closed loop will be brought. 
[0003] The coil made to generate a magnetic field can be made into three-fold [ a duplex or ], the sense 
and magnitude of a current which are passed in each coil can be controlled by the electromagnet cathode 
using the electromagnet as a magnet d, and the location and area of an erosion field can be changed. 
Therefore, it is possible to carry out the spatter of the surface whole region of Target c. Moreover, the 
thickness formed in a substrate can be equalized by optimizing control of a current. 
[0004]' If a permanent magnet is used for Magnet d, since control like the above-mentioned 
electromagnet cannot be performed, as shown in the sectional view of drawing 2 and drawing 3 , the 
same effectiveness is made to be acquired by moving a permanent magnet. By drawing 2's having 
constructed the inside magnet e and the outside magnet f which have a splay so that a sector erosion 
field might be obtained in a permanent magnet, and rotating it to target electrode h, using the core of the 
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radii of a splay as the center of rotation g, a sector erosion field moves on the whole surface surface of 
Target c, and the spatter of the surface whole region is carried out. Adjustment of thickness distribution 
can be performed by adjusting the central angle (the die length of radii) of this splay. In the case of 
drawing 3 , the circular ring-like inside magnet n and the outside magnet o are constructed, an annular 
erosion field moves on the whole surface surface of Target c by carrying out eccentric rotation of this to 
target electrode h, and the spatter of the surface whole region is carried out. Although it is small if 
eccentricity is changed, adjustment of thickness distribution can also be performed. 
[0005] 

[Problem(s) to be Solved by the Invention] Although it is the greatest merit that the erosion field of 
paths various without a hardware change can be formed only by changing the amount of currents and the 
direction of a current of this as Magnet d is an electromagnet, there is a fault that it is difficult to rotate 
an electromagnet and the spatter of the part for the core of Target c is not carried out. Since the atom by 
which the spatter was carried out to such a part by which a spatter is not carried out in the erosion field 
accumulates, this separates and falls, it becomes dust and membraneous quality is reduced, it is not 
desirable. Moreover, an electromagnet needs a big coil in order to generate a strong field, and it becomes 
large [ mass / the volume and / a permanent magnet ]. Furthermore, the control circuit of a current is 
required and becomes high also in respect of cost. 

[0006] A hardware change is required to change the path of an erosion field, although there is no 
problem like an electromagnet when Magnet d is a permanent magnet. For example, in the case of 
drawing 2 , in order to control thickness distribution, it is necessary to adjust a sector include angle (the 
die length of radii), in order to acquire the optimal thickness distribution, it must make and experiment 
in some magnets, and it starts too much and is not desirable [ this / time and effort and cost ]. Moreover, 
in the case of drawing 3. , if it fixes and Magnet d is made to discharge, a circular erosion field will be 
formed in the front face of Target c, and two concentric circular erosion fields are done from the 
residence time of the erosion field on the front face of a target by carrying out eccentric rotation of this 
magnet. As the cross-section configuration of the target c in this case is shown in drawing 4 , it becomes 
almost the same [ the amount of spatters of an inside erosion field and an outside erosion field ], 
therefore as for thickness distribution, near the center of a substrate is thick, and it becomes so thin that 
it goes to a periphery. Although adjustment of distribution can be performed also by modification of 
magnetic eccentricity, since only slight adjustment can be performed but a magnetic path must be 
changed fundamentally, the adjustment is not easy. 

[0007] This invention can perform sufficient adjustment of thickness distribution, without changing a 
magnet, and aims at offering the magnetron sputtering system which used the permanent magnet which 
can moreover carry out the spatter of the whole surface of a target. 
[0008] 

[Means for Solving the Problem] In this invention, the above-mentioned purpose was attained in the 
magnetron sputtering system which counters with a substrate, prepares a target, prepares two or more 
permanent magnets which rotate along with this behind this target, and forms the field of a closed loop 
ahead of this target by preparing these two or more permanent magnets in the core approach of the tooth 
back of the target, and the side which counters free [ approach estrangement ] to this tooth back. 
Moreover, a part of above-mentioned purpose can be attained also by making the magnetic substance 
intervene partially between these two or more permanent magnets and a target, and weakening parti ally 
the magnetic field strength of the front face of this target. 
[0009] 

[Function] Although magnetron discharge will occur according to an operation of the field of the 
permanent magnet which rotates in the back of a target if discharge gas is introduced in a vacuum tub 
like the usual sputtering, a reduced pressure condition is maintained and a negative electrical potential 
difference is impressed to a target electrode By carrying out approach estrangement of the side which 
counters to this tooth back with the core approach of the tooth back of the target of this permanent 
magnet, and making this permanent magnet incline Or by changing the thickness of the magnetic 
substance which intervenes between this permanent magnet and a target An effective field can be 
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changed on the inside and the outside on the front face of a target, and distribution of ion can be 
changed. The amount of spatters changes an erosion field, and since it is proportional to the amount of 
ion, with a permanent magnet, the spatter of the core of the target by which a spatter cannot usually be 
carried out easily can be carried out, and it can perform free adjustment of thickness distribution in this 
way while it carries out the spatter of the whole target surface. 
[0010] 

[Example] If the example of this invention is explained based on a drawing, in drawing 5 , a sign 1 will 
show the vacuum tub equipped with the evacuation opening 2 connected to a vacuum pump, and the 
inlet 3 which introduces discharge gas, such as Ar gas, the substrates 5, such as a silicon wafer 
supported by the substrate holder 4 inside this vacuum tub 1, and the target 6 of the round shape which 
consists of the matter to make it form, or a rectangle will counter, and it will be arranged. This target 6 is 
fixed on the target electrode 7 connected to DC power supply 1 8 or an RF generator. Two or more 
permanent magnets 8 attached in the base 9 are formed behind this target 6 free [ rotation ] along with 
this target 6, and form the field 16 of the closed loop involving the front face of this target 6 in it. This 
permanent magnet 8 constitutes dis c-like inside magnet 8a and t his from two of outside magnet 8b of the 
shape of a_cknvtar ring wh ich consists the spacing 10 at e qual intervals and is surrounded, and carries 
out eccentricity of that core to the core 1 1 of a target 6, and it was made to rotate centering on this core 
1 1 , as shown in drawing 6 . It is also possible to constitute this permanent magnet 8 in the shape of 
[ three-fold or more ] a circular ring using three or more pieces with annular size, and inside magnet 8a 
can also be constituted annularly. 

[001 1] With such a configuration, although the thickness adjustment which changes distribution of a 
field was also difficult even if the permanent magnet 8 rotated, in this invention, this permanent magnet 
8 is made to incline and it was made to adjust thickness formed in the entire spatter and entire substrate 
5 of this target 6 by preparing the core approach of the tooth back of this target 6 of this permanent 
magnet 8, and the side which counters free [ approach estrangement ] to this tooth back. When this was 
explained further, the path of this whole permanent magnet 8 is made into 1/2 or more magnitude of the 
path of this target 6, and this permanent magnet 8 was supported by the supporter material 13 and 14 on 
the disc-like rotation stage 12 rotated by the motor 15 in accordance with the core 1 1 of this target 6 
prepared behind this target electrode 7, as shown in drawing 7 . If these supporter material 13 and 14 
supports a permanent magnet 8 free [ rocking ] and you make it go up and d own the supporter material 
14 of the core 1 1 approach of a target 6 with suitable means, such as a cylinder, and a motor or ****, a 
permanent magnet 8 will carry out approach estrangement to the tooth back of a target 6, and adjustable 
[ of the field distribution of the front face of this target 6 ] will be carried out. That is, if the supporter 
material 14 is pulled up upwards with a drawing, the amount of the core becomes weak compared with a 
circumference part, and the field of the front face of a target 6 can decrease the thickness deposited on a 
part for the core of a substrate 5, when the ion density for this core can weaken rather than this 
circumference part. Usually, although the thickness for a core of a substrate 5 tends to become thicker 
than the circumference part, equalization of thickness can be attained, without changing a magnetic 
design by making a permanent magnet 8 desert from a target 6, and rotating it. Moreover, since the field 
of the front face of a target 6 moves relatively by the' inclination of a permanent magnet 8 and a spatter 
field moves in connection with this, the spatter covering the whole surface of a target 6 can be 
performed. 

[0012] The purpose of adjustment of thickness distribution of this invention can be attained also by 
making the magnetic substance 17 intervene partially between this permanent magnet 8 and a target 6, 
as shown in drawing 8 R> 8 and drawing 9 . In this case, it is what attached the magnetic substance 1 7 
of sector iron and sector others near [ core 1 1 ] a target 6 and in the front face of the corresponding 
permanent magnet 8. The field which leaks from this permanent magnet 8 to the front face of a target 6 
with this magnetic substance 17 can weaken, and if the core 1 1 of a target 6 is rotated as a core, this 
permanent magnet 8 Like the time of leaning a permanent magnet 8 as mentioned above, since the field 
for a core of a target 6 is weaker than the field of the circumference part, the ion density for this core can 
weaken rather than this circumference part, and the thickness deposited on a part for the core of a 
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substrate 5 may be decreased, without changing the design of a permanent magnet 8. In addition, the 
configuration of this permanent magnet 8 does not have the thing of drawing 6 , and a change. T he thing 
ofths.shae g.of a taper which becomes thick may be used for it as this magnetic substance 17 has a thin 
par t corresponding t ojrp art tor Ihe cure 'gfthe annular permanent mag net 8 and results in th epart 
coiresponchngiajjci^ and it can make the_intensitv distributio n of the fiel3^the front 

face of a targe t 6 decrease successively toward a corem this case like drawing lOfr om that 
cjrcumierence TBy the way, this may be attachecTirTthe tooth back of a target electro3e 7 although the 
magnetic suBstance 17 is attached in the front face of a permanent magnet 8 in the above-mentioned 
example. 
[0013] 

[Effect of the Invention] Since two or more permanent magnets which rotate in the back of the target of 
a magnetron sputtering system were prepared near the core of the tooth back of the target, and in the side 
which counters free [ approach estrangement ] to this tooth back when based on this invention as 
mentioned above The field for a core of a target can be weakened and thickness distribution can be 
adjusted free. There is effectiveness of being able to manufacture simply [ the configuration which it is 
not necessary to change / configuration / the design of a permanent magnet, and carries out approach 
estrangement ], and comparatively cheaply. Moreover, the same effectiveness as the above is acquired 
also by making the magnetic substance intervene partially between these two or more permanent 
magnets and a target, and weakening partially the magnetic field strength of the front face of this target. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magnetron sputtering system characterized by preparing these two or more permanent 
magnets near the core of the tooth back of the target, and in the side which counters free [ approach 
estrangement ] to this tooth back in the magnetron sputtering system which counters with a substrate, 
prepares a target, prepares two or more permanent magnets which rotate along with this behind this 
target, and forms the field of a closed loop ahead of this target. 

[Claim 2] Form the above-mentioned target in an approximate circle form, and a rotation stage is 
prepared free [ rotation ] along the tooth back of this target. Two or more permanent magnets which 
were made to carry out eccentricity to this from the center of rotation of this rotation stage, and have 
been arranged to concentric circular [ of 1/2 or more diameters of the diameter of this target ] are 
attached. The magnetron sputtering system according to claim 1 characterized by attaching these two or 
more above-mentioned permanent magnets in this rotation stage so that approach estrangement may be 
attained to this tooth back near the core of the tooth back of the target, and at the side which counters. 
[Claim 3] The magnetron sputtering system characterized by having made the magnetic substance 
intervene partially between these two or more permanent magnets and a target, and weakening partially 
the magnetic field strength of the front face of this target in the magnetron sputtering system which 
counters with a substrate, prepares a target, prepares two or more permanent magnets which rotate along 
with this behind this target, and forms the field of a closed loop ahead of this target. 



[Translation done.] 
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